We retrospectively compared wrist arthrodesis using the Mannerfelt technique in 19 or an AO-plate in 23 patients with long-standing rheumatoid arthritis. The mean follow-up was for 76 months.
We retrospectively compared wrist arthrodesis using the Mannerfelt technique in 19 or an AO-plate in 23 patients with long-standing rheumatoid arthritis. The mean follow-up was for 76 months.
Compared with the Mannerfelt fusion group, patients in the AO-plate group reported greater satisfaction with their wrist function (74% vs 37%, p = 0.015). Complications were reported in six wrists in the AO-plate group and two wrists in the Mannerfelt fusion group (p = 0.258). At final follow-up, 95% of patients (41) reported either no pain or only mild pain. There was improvement in flexion of the finger joints in both groups but no significant improvement in the extension lag in either group.
Both methods relieve pain and improve function. Overall, the activities of daily living scores and the patients' subjective assessment of outcome tended to be higher in the AOplate group than in the Mannerfelt fusion group, although the difference was not statistically significant. Similarly, although more post-operative complications occurred in the AO-plate group, the difference between the two groups was not statistically significant.
Rheumatoid arthritis is the most common form of inflammatory arthritis, affecting 1% of men and 3% of women. 1 It can affect any synovial joint, but in its early phase most often involves the small joints of the hands and feet. 2, 3 The wrist is affected in approximately 90% of patients. 2, 4 Radiological changes include narrowing of the joint line, cortical erosions, cyst formation and peri-articular osteoporosis. These changes have been quoted in various scoring systems, including the Larsen classification, 5 and reflect the degree of joint and cartilage destruction. [6] [7] [8] Progressive disease may lead to instability, palmar subluxation, and destruction of the bony carpus, with a consequent reduction in function of the wrist and hand. This in turn, has a deleterious effect on the quality of life.
Surgical treatment depends on the stage of the disease, and encompasses dorsal tenosynovectomy (dorsal wrist stabilisation), radiolunate arthrodesis, arthroplasty, and fusion of the wrist. Fusion remains the method of choice for advanced disease with severe destruction of the joint. Various techniques have been described to stabilise the wrist, [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] of which the Mannerfelt fusion 20 and AO-plate fixation 21 are the most commonly performed. 22 We are aware of only two published studies that compare these two techniques in rheumatoid arthritis (RA). One evaluated the short-term results at 16 months, but no functional outcome data or activities of daily living (ADL) scores were provided. 23 The other compared the results over a mean of 11 years in 35 patients (40 wrists). 24 However, the authors did not report on the severity of the joint damage at the time of operation.
The purpose of this long-term retrospective single-centre study was to report the clinical, functional and radiological results after fusion in patients with severe RA (Larsen stage IV of V) using two different techniques of fixation, namely the Rush nail and staple fixation as described by Mannerfelt and Malmsten, 20 and AO-plate fixation.
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Patients and Methods
We identified retrospectively 69 patients who had undergone 77 wrist fusions between 1980 and 1997. There were eight bilateral cases. Each patient had RA, which met the criteria of the American College of Rheumatology. 25 Of these, 32 were lost to follow-up; 13 patients had died of unrelated causes, seven refused a final follow-up examination, and the fate of 12 remains unknown. Complete data were available for 37 patients (23 females and 14 males). The mean duration of disease at the time of surgery was 184 months (24 to 593). These 37 patients underwent 42 wrist fusions (22 left, 20 right). In each case, the indication for surgery was painful movement, instability, and dislocation of the wrist (Larsen grades IV to V 5 ). Fusion was performed according to the method described by Mannerfelt and Malmsten 20 in 19 wrists and by AO-plate fusion in 23. 21 The decision as to which procedure to perform was made by the same surgeon (AW), and all procedures were performed by one of two surgeons (KT or AW) neither of whom was involved in the subsequent assessment of the patients. The absolute indication for the use of the Mannerfelt technique was the need to perform a concomitant tendon repair, whereas the absolute indication for AO-plate fusion was the need to perform a metacarpophalangeal (MCP) joint replacement, as we prefer to introduce the Rush nail distally. The distal ulna was resected in 28 of the 42 cases (67%). Except for two patients in whom a fresh-frozen allograft was used, all bone graft was obtained locally from the head of the resected ulna, the dorsal carpus and the radius. No patient required additional iliac bone grafting.
The baseline characteristics of the two study groups are shown in Table I . In 22 wrists (52%), fusion was performed on the dominant hand. The mean age of the patients at operation was 49 years (16 to A total of 12 patients had undergone previous surgery to the wrist, including seven open synovectomies, of which three were in the Mannerfelt group and four in the AO-plate group, two resections of the head of the ulna in the AO-plate group, and three radiolunate fusions, one in the Mannerfelt group and two in the AO-plate group. Radiological examination. Radiographs of each wrist were obtained immediately before and after surgery, one week after surgery, at routine follow-up examinations, and at final follow-up. Pre-operatively, 14 wrists were classified as Larsen grade IV and 28 as Larsen grade V. The degree of ulnar deviation (Sharpiro 26 A1) was < 25i n 35 wrists (83%) and > 25˚ in seven (17%). The degree of radial inclination (Sharpiro A2) was < 125˚ in 37 wrists (88%) and > 125˚ in five (12%). The mean pre-operative carpal height ratio was reduced to 0.35 (0.29 to 0.50) (normal according to McMurtry et al 27 = 0.54 mm) and the mean ulnar translation ratio was 0.28 (0.08 to 0.43, normal = 0.3). Pre-operatively, dislocation of the lunate bone was either in the palmar (mean 15.4˚, 11.2˚ to 18.4˚) or the dorsal (mean 7.8˚, 5.9˚ to 8.7˚) position. No statistically significant differences were noted between the two groups for any of these measurements. Our criteria for complete fusion were immobility of the joint on clinical examination, and trabeculae crossing the fusion site radiologically. Clinical evaluation. Clinical assessment included a full medical history and physical examination. 28 Post-operatively, the presence of any complications and the time and ability to return to work were also recorded. Wrist movements were measured with a goniometer. Pain was classified as mild, moderate, or severe. 29 Pain that was present on some movements but did not require analgesia was categorised as mild. Pain that was present on all movement and required occasional analgesics was categorised as moderate, and pain that was present during all movements or at rest and always required analgesics was categorised as severe. Swelling was recorded as positive when synovial proliferation with fluctuation was palpable on the wrist.
The subjective outcome was graded as worse, no change, a little better, and much better. An objective evaluation of hand function was assessed using the standardised Jebsen-Taylor hand function test, 30 which evaluates the time required to complete seven everyday tasks and is performed for both hands. Additionally, the patient's subjective evaluation of ADL was assessed and each patient was questioned as to whether he/she noticed an improvement in each particular task after surgery. Statistical analysis. Results were analysed using the EpiInfo 2002 software package (Centers for Disease Control and Prevention, Atlanta, Georgia). Continuous variables were expressed as mean ± standard deviation ( SD ). Means were compared using Student's t -test for unpaired variables. When the distribution was not normal, variables were compared using Wilcoxon's rank-sum test. Discrete variables were expressed as numbers (percentages) and compared using the chi-squared or Fisher's exact test, respectively. Relative risks together with 95% confidence intervals (95% CI) were calculated where appropriate. All tests of significance were two-tailed; p-values ≤ 0.05 were considered significant.
Results
Table II describes the subjective and objective postoperative outcome measures for each surgical technique. At final follow-up, patients reported no pain in 24 cases (57%), mild pain on movement in 17 (41%), and severe pain in one (2%). Patient satisfaction was excellent in 29 cases (69%), good in 12 (29%), and poor in one (2%). There was no difference in pain levels between the two groups. Pre-operatively, 15 patients (41%) were employed, three (8%) were unable to work, and 19 (51%) had retired. Post-operatively, 11 patients (73%) returned to work after a mean period of 2.7 months (2.4 to 4.1). Of the three patients previously unable to work, only one returned to work post-operatively (time period between surgery and return to work not available). Although more patients in employment in the Mannerfelt fusion group (6 of 8; 75%) returned to work after surgery compared with the AO-plate group (4 of 7; 57%), the difference between the two groups was not statistically significant (odds ratio (OR) = 0.44; 95% CI = 0.03 to 6.13; Fisher's exact test, p = 0.608).
Patients stated that in 17 wrists (41%), knowing the outcome, they would have preferred the operation to be performed sooner, and in 33 wrists (79%) they would have the same operation performed again. The position of the fusion was acceptable in 39 (93%) wrists, but three patients (7%) would have preferred a different position. Each of these had undergone unilateral fusion with an AO plate. Whereas two of the three wrists were fixed in dorsal extension and ulnar deviation, one was fixed in a neutral position in the sagittal plane and radial deviation. Although patients appeared to prefer the AO-plate (very satisfied and satisfied, 91% AO-plate group vs 74% Mannerfelt fusion group; OR = 3.75, 95% CI = 0.52 to 33.00;
Fisher's exact test, p = 0.214) the difference was not statistically significant. Complications. Complications occurred in eight cases (19%), six in the AO-plate group (26%) and two (11%) in the Mannerfelt fusion group (OR = 3.00; 95% CI 0.44 to 25.32; Fisher's exact test, p = 0.258). In the Mannerfelt fusion group the complications were one superficial infection and one breakage of the proximal part of the pin during the subsequent implantation of a Swanson spacer (Wright Medical Technology Inc., Arlington, Tennessee) in the middle MCP joint; the middle metacarpal was stabilised with a short plate. The complications in the AOplate group were one superficial infection, two deep infections requiring revision surgery, one post-operative extensor tendon rupture, one hypoaesthesia of digits one to three, and one with breakage of the plate post-operatively and subsequent revision (necessiated by implant failure) using a pin. Five plates were removed, two because of deep infection and three for pain caused by mechanical irritation from the plate. Functional outcome. Overall the mean post-operative pronation was 73˚ (45˚ to 90˚) and supination 70˚ (40˚ to 90˚). There was no significant difference between the AOplate group and the Mannerfelt fusion group.
Pre-and post-operative fingertip-to-palm distances and the extension lag of the second, third and fourth fingers in both groups are shown in Table III . The post-operative fingertip-to-palm distance in both groups improved significantly. There was no significant difference between the groups.
Post-operatively the extension lag at the MCP joints of wrists treated by Mannerfelt fusion was only improved at the ring MCP, whereas that in the index, middle and little MCP joints increased significantly. In the AO-plate group, the extension lag at all the MCP joints improved; however, the difference did not reach statistical significance.
Subjectively, patients felt that the wrist was stronger post-operatively in 16 (38%) cases, unchanged in ten (24%), and weaker in 16 (38%). There was no significant difference between the two groups (Table II) .
The Jebsen-Taylor test (Table IV) was performed more slowly on the operated side but the difference was not statistically significant. There was no difference between the two groups. Subjectively, certain activities were performed better by those with an AO-plate fusion: eating, cutting bread, writing, brushing teeth, and counting money reached statistical significance. The patients' subjective satisfaction with the functional outcome of the surgery (very satisfied and satisfied) was 87% in the AOplate group versus 63% in the Mannerfelt fusion group; however, this difference did not reach statistical significance (OR = 3.89; 95% CI = 0.70 to 23.96; Fisher's exact test, p = 0.143) (Table II) . Radiological. The fusion was in neutral in the coronal plane in 14 cases, in ulnar deviation in six cases (mean Table III 9.2˚; 3˚ to 20˚); and radial deviation in 22 cases (mean 6.8˚; 1˚ to 13˚). In the sagittal plane, the fusion was in neutral in 15 cases, in flexion in 15 cases (mean 7˚; 1˚ to 15˚) and in extension in 12 cases (mean 11.2˚; 2˚ to 24˚); The post-operative Shapiro A1 angle 26 (grading for ulnar deviation of the fingers) was < 25˚ in 29 wrists (69%) and > 25˚ in 13 wrists (31%). Loosening of the fixation was seen in six wrists (14%): three (16%) in the Mannerfelt group and three (13%) in the AO-plate group. No patient was symptomatic. Complete bony fusion had taken place in 41 wrists (98%) three to four months post-operatively (Figs 1 and 2 ). The single remaining wrist had partially fused but was not unstable.
Discussion
Fusion of the wrist with Rush nail stabilisation was first described by Hazewinkel 31 in 1962, and was modified in 1971 by Mannerfelt and Malmsten. 20 The advantage of the Mannerfelt procedure is its relatively straightforward surgical technique. Its disadvantage is that the position of the Rush nail can interfere with the subsequent implantation of an endoprosthetic replacement of the third MCP joint. Because the Mannerfelt fusion and AO-plate methods do not differ significantly in terms of outcome, we suggest that the former is to be preferred in patients at high risk of tendon rupture, as it will not interfere with any reconstructive procedure.
AO-plate fixation was introduced by Müller et al 21 in 1961. The original concept was modified in the 1980s with the development of the dynamic compression plates. 32 In this study we used a dynamic compression plate which has been modified for use in the wrist. It is curved at the level of the radiocarpal joint and has a thinner distal portion than the original design. Very lowprofile screws were used to fix the plate to avoid irritation of the overlying tendons. Despite this, post-operative pain over the plate remains one of its majordisadvantages. Another is the need to take care not to impede the function of the extensor tendons. Because the intramedullary space of the metacarpal is not compromised, this technique has the advantage of allowing sufficient space for the subsequent implantation of an MCP joint endoprosthesis or spacer.
Although both methods are equally suited to the realignment of a subluxed wrist, attention must be paid to the quality of the locally available bone stock. If this is poor, a Mannerfelt fusion is to be preferred.
The optimal position of the fusion remains a matter for debate. Some authors suggest moderate extension and ulnar deviation, 33 while others prefer the neutral position, which maintains finger balance and allows for better pronation and supination, thereby preserving muscle strength. 34 For bilateral fusions, fixing one side in slight extension and the other side in slight flexion has been suggested. 35 Despite the overall efficacy of wrist fusion, there are some disadvantages. Difficulties in performing personal hygiene functions and the handling of coins and buttons are commonly cited. 36 To overcome these limitations, alternative treatments such as proximal row carpectomy, intercarpal arthrodesis and partial arthrodesis, have been developed. Although the maintenance of wrist mobility is desirable, these alternative methods should, in our opinion, be reserved for less severe cases, those that do not involve disintegration of the carpal bones, complete loss of cartilage, or, most importantly, painful instability of the wrist.
The principal limitation of this study is the difference in duration of follow-up between the two groups. This reflects the earlier use of the Mannerfelt fusion before the advent of AO plates. It is possible that the shorter followup in the AO-plate group may explain the minor differences in patient satisfaction between the two groups. It is also possible that any apparent superiority of the AOplate group may be explained by the availability of modern pharmacological and biological treatment options, such as tumour necrosis factor-α inhibitors.
A further limitation is that no validated measure of patient satisfaction was used. Instead, we used the subjective headings of very satisfied (no complaints), satisfied (minor complaints, but would repeat surgery) and dissatisfied (would not have surgery performed again).
In conclusion, despite advances in wrist arthroplasty, fusion remains the method of choice in the treatment of the severely-destroyed wrist in RA. The aim of the procedure is to re-establish a stable wrist. This relieves pain, thereby improving both function and the quality of life. When selecting a method of fusion the surgeon should consider the quality of the local bone stock, the degree of subluxation of the wrist and the possibility that the patient will need further surgery in the future. We have shown that both methods relieve pain and improve function. Overall the ADL scores and the patients, subjective assessment of functional outcome tended to be higher in the AO-plate group than in the Mannerfelt fusion group although the difference was not statistically significant. Similarly, although more post-operative complications occurred in the AO-plate group, the difference between the two groups was not statistically significant.
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